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Abstract—Advancements in Intelligent Transportation 
System (IES) improve passenger traveling by providing 
information systems for bus arrival time and counting the 
number of passengers and buses in cities. Passengers still 
face bus waiting and seat unavailability issues which have 
adverse effects on traffic management and controlling 
authority. We propose a Face Detection based Framework 
(FDF) to determine passenger seat availability in a 
camera-equipped bus through face detection which is 
based on background subtraction to count empty, filled, 
and total seats. FDF has an integrated smartphone 
Passenger Application (PA) to identify the nearest bus 
stop. We evaluate FDF in a live test environment and 
results show that it gives 90% accuracy. We believe our 
results have the potential to address traffic management 
concerns and assist passengers to save their valuable time. 
 
Index Terms—Machine learning, APC, Face Detection, Human 
recognition, Mobile Application. 
 
ACRONYM DEFINITION 
PSA Passenger Seat Availability  
PA Passenger App 
APC Automatic Passenger Counting 
ERF Electronic Registering Fareboxes 
IS Infrared Sensor 
GSM Global System for Mobile 
Communication 
BS Barrier Sensor 
TMS Treadle Mat Sensor  
WIM Weight In  Motion  
OPS Optimal Sensor 
AVL  Automatic Vehicle Location 
 
I.INTRODUCTION 
In the development of traffic management systems, an 
intelligent APC system was developed to reduce a time of 
passenger seat availability, security issues and provide more 
efficient method to calculate ridership data and use optimal 
resources for transportation sectors. Currently, the common 
problems are such as safety, traffic congestion [4,5] automatic 
passenger counting systems for public transport, including 
offline systems [6] load monitoring systems for passenger 
counting [7] loss of public space at bus stations [8] public 
transport inadequacy, daily ridership data [9] high infrastructure 
costs [10] and etc. Especially for APC are designing and 
implementing embedded based system for passenger detection 
[11]. Contour feature is used to detect a passenger under a 
complicated situation. Tao et al [12] proposed a novel approach 
based on a clustering method for counting passengers at the 
entrance gate of a bus equipped with a camera. The research 
behind this study is to solve the current issue and suggest 
visionary approach in the transportation system, such as a 
passenger waiting for a bus, the traffic congestion problem 
during heavy passenger loads on the bus station, provide a high 
security at lower cost and cheap maintenance. The study 
provides a new mechanism of APC and PSA. The information 
of nearby buses are update in PA to book a seat earlier using a 
supported device such as smartphones. Furthermore, the 
booking framework uses the identification number of people to 
maintain history. However, the current mechanism of APC 
doesn’t provide an excellent solution for finding bus station and 
maintain a seat availability for passenger, does handle 
passenger load on peak time, and does not provide any 
economic benefit. The proposed framework is less cost and 
highest performance with the comparison of existing systems 
[11] [12]. 
To solve the above-mentioned issues and achieve the 
significant enlargement in machine learning, the algorithm has 
created as well as face detection application has developed to 
overcome this problem. The present study proposes and 
develops a new framework based on face detection. Our 
framework detects each face of a passenger in a bus, and the 
data of filled and empty seats will be sent to the data center. The 
data center calculates empty seats, and this information is 
frequently updated in PA through the internet. PA is based on 
innovative technology and sees a live view of buses on a map. 
Furthermore, in the proposed framework, the passenger looks 
the empty seats of upcoming buses. This research also provides 
a cheaper solution to count ridership on a daily basis, high 
security and low-cost maintenance. 
 
The literature review (presented in next section) discovers that 
no one used the facility of the camera which is already equipped 
in the bus to count the number of passengers, although face 
detection is one of the most explored machine learning 
technique in recent years [42]. Face detection also refers to face-
priority (autofocus), it is the function of the camera which 
detects human faces. Majority of machine learning techniques 
are used to achieve face recognition feature which has many 
successful applications to the different problem domain. 
Organizations use face detection for a security purpose, banks 
use a biometric approach for money transaction [39]. In recent 
studies, smartphones are also camera enabled which recognize 
a human face for payment and phone unlock. In [40], the 
authors propose a Viola-Jones algorithm to detect faces which 
further used for feature extraction. The perspective of 
Intelligent Vehicles. In [41], the authors implement a passenger 
management system based on face detection using the 
AdaBoost method. In this context, we posed and addressed the 
following research questions in this paper; 
 
RQ1: What is the possible value which face detection method 
can bring to APC? 
RQ2: What are the advantages of the proposed solution over 
existing solutions? 
 
To answer the RQ1, we FDF improves existing PT system. It 
reduces the passenger waiting time for a bus, helps to counter 
the traffic congestion propose a novel Face Detection based 
Framework (FDF) which detects passenger faces in a bus. An 
algorithm is used to recognize the occupancy of the seats (filled 
or empty). A number of empty seats in a bus are also calculated. 
FDF implements a user interface through a mobile-based 
Passenger App (PA). We evaluated FDF through simulation 
and implementation. The results of the simulation advocate the 
use of face detection to improve APC. To answer RQ2, we 
compare the results of FDF and existing APC solutions. The 
comparison results prove that problem in heavy passenger loads 
on the bus station, moreover its maintenance is cheap. We 
focused on passenger’s sit on the bus seat. Figure 1 illustrates a 
side of bus and camera focus on a bus seat. Located in an 
internal area and front of the bus which captures images the 
passenger sited in the bus and responds PSA. 
 
 
 
 
 
 
 
Figure 1. Side view of Bus using the normal lighting 
camera 
 
A. CONTRIBUTION 
With the intention of achieving, the issues of transportation 
mentioned above and encouraged with some suited work [11], 
[12]. We purpose new APC and seat availability based on face 
detection and seat availability algorithm. First, our algorithm 
supports a mechanism to search the nearest bus, which will 
arrive at a bus station. Second, we adopt a mechanism for 
suggesting the passenger to another bus station if the current 
bus is full of seats. We proposed a framework of a passenger 
sitting in a bus seat such that each bus is connected with the 
framework. Each bus obtains information from the PA. As a 
result, smooth traveling of passengers at low cost and reduce 
traffic congestion, bus-waiting issues. Our framework achieves 
better in the term of performance and the time saving with other 
systems. We evaluated the framework performance through 
simulation and implementation. The results of the simulation 
are close to our result and better performed than the other 
systems. The proposed framework reduces the passenger’s time 
to find or wait for a bus and minimize the costly maintenance, 
solve security and traffic congestion problems. 
 
The primary contributions of our research work as follows: 
• We present the first face detection based solution to 
improve the existing APC. 
• We implement the proposed framework in a live 
testing environment. 
• We compare the proposed FDF with existing APC 
solutions to prove its usability. 
 
The rest of the paper is organized as follows. Section 2 
presents the relevant background, Section 3 describes our 
proposed framework FDF. While the experimental setup and 
data collection procedure are in Section 4.  Section 5 discusses 
the results and evaluation. We conclude our work in Section 6. 
 
II.RELATED AND BACKGROUND WORK 
 
In this section, we present the relevant background related to 
the automation of public transport systems. We also reviewed 
the applications of face detection to the different domain.  Our 
study reveals that real-time vehicle prediction is the most 
explored domain [1,3,4,6,7,8] along with the bus ticketing 
system [5], passenger detection system [10, 11], vehicle 
tracking system [12, 19] and sensor data system [2]. 
 
A.  VEHICLE DETECTION SYSTEMS 
In this section, we discuss the automation of transport systems 
which are related to detection of the vehicles.  Attouche et al. 
[13] propose a prediction based system to evaluate the collision 
and unhooking incidents at the highway. The aim of the study 
is to measure the number of trucks running on the highway. The 
system immediately generates an alarm to the truck when the 
number of trucks exceeds the predefined threshold value. The 
proposed solution solves the congestion problem and helps to 
reduce the number of accidents. Weiming et al [14] present a 
probability model based on the fuzzy and neural network which 
learns different patterns of the accidents to predict the road 
accidents. The model uses sample data of 3-D vehicle tracking 
trajectories. Sayanan et al. [15] present a literature review of 
vehicle detection and tracking systems under different 
circumstances. This review is based on stereo vision and 
monocular configurations in a 3-D domain including motion 
and filtering. Shiva et al. [16] propose an algorithm to count and 
verify the vehicles in a video frame. They recommend texture 
based features to improve the counting of the vehicle. The 
proposed method shows good accuracy in a real environment 
such as highways. Afshin et al. [17] estimate traffic flow and 
predict the short-term traffic flows for transportation. Monte 
Carlo simulation is used for uncertainties. The result shows the 
accurate prediction of traffic flows up to 30 min under normal 
condition. 
 
B.  VEHICLE ARRIVAL SYSTEMS 
In this section, we discuss the automation of transport systems 
which are related to different parameters of vehicle arrival such 
as arrival time. Fangzhou et al. [18] present a decision support 
system based on clustering which to give real-time predictions.  
Historical data of different routes are used to train the predictive 
model which predicts the time of vehicles arrival and marks the 
anomalous operations.   Results show two hours gap in 
overhead performance because of the challenging nature of the 
problem, i.e., prediction of vehicle arrival time. Historical data 
which was collected in transit hub system includes both static 
and dynamic feeds. System is deployed on private cloud.  
Bratislav et al. [19] propose  a sensor less Automatic Vehicle 
Location (AVL) Results show that minimal configuration of 
networks and sensor provide sufficient data for consistent 
analysis of model prediction which ultimately generates 
accurate prediction of bus arrival.  Ranhee and Laurence [20] 
also predict  arrival time of vehicles based on the Artificial 
Neural Network (ANN) and regression. Data from Houston and 
taxes bus routes is used to train and test the model. The ANN 
outperforms  in terms of historical data where regression model 
gives accuracy in terms of prediction. James et al. [21] develop 
an automatic transit system which is integrated with 
smartphone based system called easy tracker. GPS (Global 
Positing System) helps to trace bus routes served, bus stops and 
bus schedule. They used an algorithm to predict arrival time for 
upcoming stops. Existing dataset of routes, arrival time, stops 
time is used to train the model and predict arrival time of the 
bus.  Sudhakar and Rashmi [22] also use GPS to locate bus 
coordinates and send information to passenger about bus. GSM 
sends data to central monitoring server to calculate bus arrival 
time and send relevant information to passengers. Padmanaban 
et al. [23] develop a model based on algorithms for bus arrival 
time, they also include delay time to improve the accuracy of 
the results. Kalman technique is used to predict bus arrival time 
which improves the overall performance of the proposed 
system. [24] Introduces micro controller design and propose a 
smart transportation system. Passenger uses the system by 
entering current location of the nearest bus stop when traveling 
in a bus which saves passenger time to wait hours for a bus at 
the bus station.  
 
 Swati Chandurkar et al. [25] present a passenger information 
system based on bus monitoring concepts. This information 
system works as a standalone application to provide an interface 
to the passengers who can see the covered route of the GPS 
equipped. GPS is used to send information to the centralized 
control system. Johar Amita et al. [26] propose an ANN based 
approach to predict bus travel time. ANN model is trained using 
the data of two urban routes. Results are evaluated on the basis 
of correlation coefficient, standard deviation and statistical test. 
ANN gives better than  regression in terms of performance. 
Stuart et al. [27] propose a WAP enabled system specially for 
mobile users to receive bus arrival information. Shital et al. [28] 
also present hardware mechanism interaction with GPS and 
GSM services. System is connected with a car alarm and user 
gets alerts on his smartphone. In [29], authors implement a low-
cost  application for a safe automobile. Jain et al. [30] present 
multiple approaches for  bus arrival time, i.e., K-Nearest, ANN. 
Historical data of real time routes of bus arrival is collected to 
learn the model.  Prediction accuracy of both algorithms is less 
than 12%. Santa et al. [31] present a method to predict bus 
arrival time for developing countries where data collection is a 
big challenge. They proposed a model which captures vehicle 
time and road condition based on historical data. SVM and 
ANN performed very well for time prediction. 
 
C.  PEDESTRIAN DETECTION AND FLOW 
Wilson and Svetha [32] present pedestrian detection system 
through different scenes captures by mobile and surveillance 
bus. Mate Szarvas et al [33] uses convolutional neural network 
for detection of pedestrian. Junfeng Ge et al [34] present a 
pedestrian detection system based on monocular vision system 
for night. Fanping Bu et al [35] use sensing technology to detect 
pedestrian in transmitting bus. Anelia et al [36] use deep 
network cascades approach to detect real-time pedestrian.  
 
D.PASSENGER DETECTION AND INTEGRATION SYSTEM 
Designing and implementation of an embedded system for 
passenger detection is an emerging track for researchers [37]. 
Contour feature is used to detect a passenger under the 
complicated situation. Tao et al [12] propose a clustering-based 
method for counting passenger in a bus with a single camera. 
After an in-depth study of different research papers on 
passenger detection. Table I shows the summary of existing 
systems and efficiency of systems. 
 
  Table I intends to give a concise summary, which compares 
the PSA framework against related solution and systems. We 
can see that PSA covers the whole process of faces detection, 
counts passengers faces, relevant information send to PA. This 
framework directly reduces the cost and maintenance and 
provide a proper solution traffic congestion problem, security 
risks, and traffic control management. 
 
III.FDF: A Proposed Solution 
 
As we already mentioned, FDF (Face Detection based 
Framework) is based on face detection technique to improve the 
existing APC systems. It is divided into modules to reduce the 
overall complexity of APC (Figure 2). The architecture and 
functions of these modules are as follows: 
  
 
 
Figure 2.  The architecture of the proposed Framework 
 
• Technical Person Module (TPM): It has an interface 
for a technical person to register routes data 
according to a bus route which is further saved to a 
data repository (Name). Passengers used to route 
data to identify the current position of the bus, routes 
of the bus and nearest route of an upcoming bus. 
TABLE I 
COMPARISON OF EXISTING SYSTEMS 
 
Reference Paradigm 
Passenger Detection  
Description Actual Detects Missed Percentage (%) 
[25] HOG Algorithm 
113 109 4 96 Design an algorithm and software for 
passenger flow detection with real-time 
embedded equipment. 114 104 10 91 
[26] 
Hough 
Transform 
& Fuzzy 
123 110 13 88 Applied image processing techniques for 
real-time detection of passengers. The 
produced technique applied in DSP based 
embedded system.   
27 23 4 82 
50 47 3 93 
33 31 2 93 
233 211 22 89 
 
• Web Application Module (WAM): It receives route 
data from TPM which is connected to a cloud 
datacenter and update the route server. It has an 
interface for administrations to check the buses route 
data and more relevant information about the buses. 
• Data Repositories: FDF has data servers to store the 
data. Data is distributed among them to balance the 
load. 
o  Route Server (RS): It is specially designed 
to maintain the routes data. It is connected 
to the main server and manages all over the 
bus routes in cities.  RS synchronizes with 
the main server to keep the information up-
to-date and enables WAM to retrieve 
updated data and statistics about bus routes. 
o Passengers Server (PS): It stores and 
manages the images which are captured by 
camera-equipped bus. PS passes this data to 
PSA which detects the empty and fill seats. 
o Bus Station Server (BSS): It stores 
information about buses running in each 
city. It updates the movement of the bus. 
o Cloud Datacenter (CD): It plays an 
important role to connect different 
components of FDF through a wireless 
network. CD is a head entity of all server 
like RS and PS. It has a connection with a 
mobile app to share the bus information. 
The primary objective of CD is to manage 
other data servers and performs the quickest 
operations to facilitate passengers. 
• Passenger Application (PA): Passenger connects 
with FDF through a mobile-based PA. After logging 
into PA, the user can see a live view of the bus, the 
nearest bus station details and bus availability. The 
passenger can select the source to a destination 
location in a PA, which recommends the nearest 
station and upcoming buses. Upon selecting the 
nearest bus station, PA displays the nearest buses 
only. PA suggests the best route to pick, timings and 
seat availabilities.  It also shows the current position 
of passenger (smartphone). If a passenger books a 
seat, the total number of available seats also update 
accordingly. PA uses “CoreLocation” (Apple 
library)  to retrieve passenger location along with its 
latitude, location, city, country, postal address etc. 
 
 
 
Figure 3.  The process of face detection in a passenger bus 
 
FDF assumes that passenger buses are already equipped with 
a WIFI enabled (3G/4G) internal camera to capture passenger 
images.  These images stores in PS. We used MOG [34] based 
approach for face detection and background subtraction. Our 
main objective is to count the number of empty seats in the 
bus which is used to count the number of passengers traveling 
on the bus.  For this, we define a line and specific part of the 
camera which is already mounted on the bus ceiling to detect 
passenger’s faces when they sit on a seat. For each passenger 
coming to a seat, the camera takes pictures with a period of 
sixty seconds. The camera captures the passenger's image 
sited on a bus seat and tracking list of the passengers until 
passenger leaves the bus. The appropriate servers are also 
updated.  PA follows a sequence of steps (Figure 3) to perform 
this task, i.e., detection of a passenger's face. After 
background subtraction, the approximate number of faces are 
detected which are subtracted from the total seats of the bus. 
A number of the available seats are updated to the main server 
which is connected with PA.  FDF also updates in case bus is 
stopped. 
 
(a) Main Page 
 
(b) Seat Booking 
 
(c) Bus Stations 
 
(d) Live Buses 
 
Figure 5. A screenshot of Passenger Seat Availability application 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The flowchart of the PA operation. 
 
Figure 4 shows a basic workflow of user interaction with FDF 
and Figure 5 presents the screenshots of PA. User interactivity 
starts with a login into PA using a smartphone. The passenger 
is asked to accept the privacy policy which grants an access to 
the passenger location. A background service is started when 
the passenger accepts the privacy policy. After a successful 
login, the current location of the user with respect to the 
latitude and longitude is updated in PS (Passenger Server). On 
the main page, PA prompts for options such as bus ticket 
booking, search bus, available bus, and map (Figure 5(a)). 
Each option displays a short explanation below the headings. 
A passenger enters the source location, i.e., the starting point 
of the traveling, and destination location, i.e., endpoint. After 
entering these locations, a map displays on the PA screen 
which shows the available buses (Figure 5(b)).  PA draws a 
route between the source and destination (Figure 5(d)). Now, 
the passenger can click on the second option and see bus 
stations within the route. Figure 5(c) shows a black pin on the 
map to present a bus station.  
 
The passenger can click an available bus to see the seat 
availability and its arrival time.  If the upcoming bus is full of 
zero vacant seats then PA can suggest the nearest bus stations 
for travel. If passenger agrees to use the nearest bus station 
then he can again tap on the bus to see the details and reserve 
the vacant empty bus seat. If a seat is available for the first 
time then he simply sees the information of upcoming bus 
including empty and by bus seats, total seats, and etc books a 
seat. 
If seats are available then Passenger can simply book the seat 
if seats are available, after the seat booking, a number of seats 
are directly updated in PS through PA. Figure 6 shows the 
working of FDF in case of seats unavailable. The passenger 
can check other buses and this process can repeat based on 
passenger operation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The proposed flowchart for update PA and 
passenger server. 
 
If the seat is not available then passenger can search the 
nearest bus station using PA and moves to another bus stop to 
reserve the bus seat (Figure 7). 
 
IV.DATA COLLECTION AND EXPERIMENTAL 
SETUP 
In this section, we present the data collection procedure along 
with the experimental setup. We used different types of 
passenger images. These images were captured from different 
angles of the bus camera.  The bus routes we selected to 
implement FDF have covered agency and management office 
areas of the Karachi city. These areas are controlled by the 
City District Government. The routes were chosen because of 
their diverse dynamics of traffic load, i.e., normal and peak 
load. We collected data over the time period Jan 2016 to Jan 
2017 (7 am to 10 pm, a high number of passengers wait for a 
bus). Figure 7(a) (rearrange the sequence of images) shows 
starting point where passenger starts traveling and destination 
point where passenger leaves the bus. We collected data from 
two buses of the specified routes, they start from the same 
source although their routes are different; at the mid of the 
route, both buses are on the same track. 
 
We performed experiments on randomly selected 50 images 
which show the internal view of passengers (Figure 8 and 9). 
We were not interested in taking more images because our 
primary focus was to detect the faces of the passengers rather 
than images. The images show different sitting behavior of the 
passengers, moreover, these images are captured in different 
modes, i.e., morning, noon, and afternoon, midnight, and full 
night with different image resolutions (see Figure 8 and Figure 
9).  
 
 
 
 
 
 
 
  
Figure 8. Example of passengers training dataset in noon 
and afternoon camera, which consists of images with 
different sizes, image resolution, and passenger behavior. 
 
Figure 9. Example of passenger training dataset in day 
night camera, which consists of 50 images with different 
sizes, image resolution, and passenger behavior. 
 
The images consisted of two additional parts of an internal view 
of the bus, i.e., lower ceiling height and high ceiling height of 
the bus. For both cases, a camera is mounted at a ceiling height 
of the bus after two seats from the head (driver seat and the left 
seat). We chose this particular location to mount the camera 
because the whole area of the internal bus can be captured from 
here which ultimately provides an accurate position of 
passengers and their faces. We ensured that every passenger 
face fully detects in camera using face detection. We observed 
that night footages of the camera were more accurate than day 
footages.  The camera captures many pictures from different 
views, but we were interested in face detection and sitting 
behavior of the passengers.  To evaluate FDF we divide the 
dataset into training and testing datasets. 
 
V.RESULT AND EVALUATION 
To evaluate the framework performance, we focused the main 
performance factors such as a number of face detection in the 
context of seat availability, the cost of the servers and 
counting of empty seats through the framework. As we 
already mentioned in the experimental setup section, this 
research includes the normal and peak time while the bus is 
filled with passengers. Moreover, we took different images in 
day timing including morning, afternoon, midnight and night. 
FDF gives better results for night footages in term of 
performance.  
 
Figure 10. The internal view of a bus image in the dark 
afternoon 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Bus routes                                           (b) Passenger suggestion route 2            
 
Figure 7. Bus station and identify routes for passenger 
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Figure 11.  The internal view of a bus image in the dark 
morning 
 
 
 
 
 
 
 
 
 
 
Figure 12.  The internal view of a bus image in the mid-
afternoon 
 
 
Figure 13.  The internal view of a bus image in the 
midnight 
 
Figure  14. Color image passed in framework 
Figure  15. Faces detect from Figure  1 image 
       
       
       
       
   
    
 
Figure 14 shows the passenger’s image passed to FDF 
which detects and counts faces based on the eyes. Figure 
15 shows the separation of the faces. 
 
 
Figure 16. Evaluating the performance of the framework 
in different timing at day. 
Figure 16 shows the comparison graph between actual 
passengers in a bus and the number of faces detects by 
the framework. We took different images at different, 
i.e., normal and complex  
scenarios.  Table 2 shows the actual number of passengers 
and detected faces by FDF.  
To confirm the correctness and functioning of face 
detection, we compared the existing techniques such as 
SVM and HOG [11, 12] with the proposed solution. Table 
2 shows that our results are more accurate in terms of face 
detection. In comparison with previous researches, the 
detection accuracy and performance is highly improved,  
i.e., 85% to 91%.  
 
On the basis of these results, we can answer RQ1; Face 
detection based technique improves the existing APC with 
good accuracy. To answer RQ2 we compare the proposed 
and existing solution to counter the APC. [11, 12] calculate 
passengers using sensors. It is found to be expensive in 
terms of cost and high maintenance (REF). FDF is cost-
effective because of the use of face detection technique and 
it requires low maintenance efforts (REF). As no previous 
research found from passenger perspective to solve the seat 
availability and reduce passenger time for waiting for the 
bus. The benefit gain from this research is to solve many 
problems, especially passenger behaviors in bus and traffic 
congestion problem.  
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VI.CONCLUSION AND FUTURE WORK 
The study proposes a passenger seat availability framework 
for integrating and processing passenger's faces, and then 
count passengers in a bus. It reduces traffic congestion 
problems, security risks, saving passenger time, passenger 
management and tracking. Our proposed framework is 
successfully simulated and tested in a real scenario. The 
results show that our system significantly reduces above 
problems.  Moreover, it is cost effective and gives a good 
performance. It can be easily configured in bused and used 
by government authorities.  
There are four limitations, which lead to opportunities for 
further work. First, we used an image dataset of passengers. 
Here, we didn’t capture a live view of passenger and 
movements of buses. Thus, future research includes is to 
capture the live behavior of passengers. Second, firebase web 
server was used to store the information on routes, latitude, 
and longitude and bus stations.  However, we used this trait 
for small work. Further research is to examine traits on own 
back-end server. Third, in face detection framework, we give 
an image of the passenger which takes two to three seconds 
every time. The whole process wasted two hours daily. 
Furthermore, this research will include automating the 
process which done automatically. Four, an app deploys 
locally for only iPhone users. Further research includes is to 
live in an app. We will develop an app for both Android and 
iOS devices. 
 
REFERENCE 
 
[1] Public Transportation Fact Book, Published by 
“American Public Transportation Association”, 67th 
Edition, 2016. 
[2] “Preliminary Annual Ridership Summary”, “Published 
By Mta.Info”, 2016. 
[3] [Online]. Available: 
https://en.wikipedia.org/wiki/Los_Angeles_County_ 
Metropolitan_Transportation_Authority 
[4] L. Ye, Y. Hui, Yang, and Dongyuan, “Road Traffic 
Congestion Measure- Ment Considering Impacts On 
Travelers,” Springer, Journal of Modern 
Transportation, vol. 21, no. 1, pp. 28–39, 2013. 
[5] Li, W,S Lin,Jingfeng Y,  Nanfeng  Z,Ji  Y,Yong  
L,Handong  Z,Feng  Y, and Zhifu Li, “Dynamic 
Traffic Congestion Simulation and Dissipation Control 
Based on Traffic Flow Theory Model and Neural 
Network Data Calibration Algorithm”.    Wiley,  
Complexity, vol. 2017, no. 11. 
[6] B. Barabino, D. Francesco, M. Massimo, and Sara, 
“An Offline Frame- Work For Handling Automatic 
Passenger Counting Raw Data,” IEEE Trans- actions 
on Intelligent Transportation Systems, vol. 15, no. 6, 
pp. 2443– 2456. 
[7] D. C. B., D. F.P., and P. I, “Automatic Passenger 
Counting And Vehicle Load Monitoring,” vol. LXV 2, 
pp. 101-138, 2010. 
[8] Changjiang Zheng, Shukang Zheng, and Genghua Ma, 
“The Bus Station Spacing Optimization Based on 
Game  Theory”, SAGE Publisher, Advances in 
Mechanical Engineering.  
[9] T. Umlauf and L. D. Galicia, Ruey Long Cheu And 
Tomas Horak “Ridership Estimation Procedure For A 
Transit Corridor With New Bus Rapid Transit 
Service”,” Wiley,  “Journal of Advanced 
Transportation, 2015. 
[10] E. Asa and J. Membah, “Estimating Cost For 
Transportation Tunnel Projects: A Systematic 
Literature Review,” Taylor & Francis, International 
Journal of Construction Management, vol. 15, issue 3, 
2015. 
[11] Z. H. . H. Yu and J. Liu, “A Vision-Based Method To 
Estimate Passenger Flow In Bus,” Xiamen, 
Proceedings of 2007 International Symposium on 
Intelligent Signal Processing and Communication 
Systems Nov.28-Dec.1, 2007 Xiamen, China. 
[12] T. Yang, Yanning Zhang, Dapei Shao, “Clustering 
Method For Counting Passengers Getting In A Bus 
With Single Camera”, Optical Engineering, vol. 49, 
no. 3, 3  2010. 
[13] S. Attouche, S. H. I. Transportation, and C, 
“Proceedings “Prediction System Based On Vehicle 
Sensor Data In Automated Highway”, MI, 2000,  pp. 
494–499. 
[14] Hu, W., Xiao, X., Xie, D., Tan, T., & Maybank, S. 
(2004). “Traffic Accident Prediction Using 3-D 
Model-Based Vehicle Tracking”. IEEE Transactions 
On Vehicular Technology, 53(3), 677-694. 
[15] S. S. M. M. Trivedi, “Looking At Vehicles On The 
Road: A Survey Of Vision-Based Vehicle Detection, 
Tracking, And Behavior Analysis”, IEEE Trans. Intell. 
Transp. Syst, vol. 14, no. 4, p. 1773, 1795. 
[16] S. K. R. Safabakhsh, “Vehicle Detection, Counting 
And Classification In Various Conditions” IET Intell. 
Transp. Syst, vol. 10, no. 6, pp. 406– 413, 2016. 
[17] T. R. . A. Abadi and P. A. Ioannou, “Traffic Flow 
Prediction For Road Transportation Networks With 
Limited Traffic Data” IEEE Trans. Intell. Transp. Syst, 
vol. 16, no. 2, pp. 653–662, 2015. 
[18] J. W. . F. Sun and A. Dubey, “Real-Time And 
Predictive Analytics For Smart Public Transportation 
Decision Support  System”. 
[19] D. S. . B. Predic and A. Milosavljevic, “Automatic 
Vehicle Location In Public Bus Transportation 
System.” 
Table 2. The detection rate of passengers faces 
Number of 
Passengers 
Actual Faces Detected 
Faces 
Miss Faces Percentage 
% 
27 25 24 1 96 
32 32 30 2 93 
38 36 34 2 94 
43 43 41 2 95 
49 49 45 4 91 
55 53 48 5 90 
 
[20] R. J. R, Rilett, “Bus Arrival Time Prediction Using 
Artificial Neural Network Model”, Proceedings. 7th 
Int.”    IEEE, 2004, pp. 988–993. 
[21] T. G. . J. Biagioni and T. Merrifield, “Easytracker : 
Automatic Transit Tracking , Mapping , And Arrival 
Time Prediction Using Smartphones”. 
[22] K. N. Sudhakar and K. Rashmi, “Predicting The Bus 
Arrival Time Using GPS And GSM Technology” pp. 
2880–2884, 2015. 
[23] L. V.  . R. P.  S. Padmanaban and S. C. Subramanian, 
“Development Of   A Real-Time Bus Arrival 
Prediction System For Indian Traffic Conditions„” 
IET Intell. Transp. Syst, vol. 4, no. 3, p. 189, 2010. 
[24] Tian, Q., Wang, L., Wei, Y., Pang, X., Wang, Q., & 
Fei, W. (2016, July). Research of Embedded Real-
Time Passenger Flow Detection Equipment. 
In International Conference on Green Intelligent 
Transportation System and Safety (pp. 961-972). 
Springer, Singapore 
[25] M. M. . S. Mugade and P. Borekar, “Implementation 
Of Real Time Bus Monitoring And Passenger 
Information System” pp. 1–5, 2013. 
[26] Z. H. . H. Yu and J. Liu, “A Vision-Based Method To 
Estimate Passenger Flow In Bus,” Xiamen, 
Proceedings of 2007 International Symposium on 
Intelligent Signal Processing and Communication 
Systems Nov.28-Dec.1, 2007 Xiamen, China. 
[27] S. D. M. D. J. Dailey, “Real-Time Bus Information On 
Mobile Devices” pp. 1–6.  
[28] Mohol, S., Pavanikar, A., & Dhage, G. (2014). GPS 
vehicle tracking system. Int J Emerg Eng Res 
Technol, 2(7). 
[29] Hu, J. M., Li, J., & Li, G. H. (2012, November). 
Automobile anti-theft system based on GSM and GPS 
module. In Intelligent Networks and Intelligent 
Systems (ICINIS), 2012 Fifth International 
Conference on (pp. 199-201). IEEE. 
[30] L. Z. . J. Dong and Y. Zhang, “Mixed Model For 
Prediction Of Bus Arrival Times,” IEEE Congr.  Evol. 
Computer, pp. 2918–2923,  2013. 
[31] Maiti, Santa, Arpan Pal, Arindam Pal, Tanushyam 
Chattopadhyay, and Arijit Mukherjee. "Historical data 
based real time prediction of vehicle arrival time." 
In Intelligent Transportation Systems (ITSC), 2014 
IEEE 17th International Conference on, pp. 1837-
1842. IEEE, 2014. 
[32] Leoputra, W. S., Venkatesh, S., & Tan, T. (2008, 
December). Pedestrian Detection For Mobile Bus 
Surveillance. In Control, Automation, Robotics and 
Vision, 2008. ICARCV 2008. 10th International 
Conference on (pp. 726-732). IEEE. 
[33] Szarvas, M., Yoshizawa, A., Yamamoto, M., & Ogata, 
J. (2005, June). Pedestrian detection with 
convolutional neural networks. In Intelligent vehicles 
symposium, 2005. Proceedings. IEEE (pp. 224-229). 
IEEE. 
[34] Ge, J., Luo, Y., & Tei, G. (2009). Real-time pedestrian 
detection and tracking at nighttime for driver-
assistance systems. IEEE Transactions on Intelligent 
Transportation Systems, 10(2), 283-298. 
[35] Bu, F., & Chan, C. Y. (2005, June). Pedestrian 
detection in transit bus application: sensing 
technologies and safety solutions. In Intelligent 
Vehicles Symposium, 2005. Proceedings. IEEE (pp. 
100-105). IEEE. 
[36] Angelova, A., Krizhevsky, A., Vanhoucke, V., Ogale, 
A. S., & Ferguson, D. (2015, September). Real-Time 
Pedestrian Detection with Deep Network Cascades. 
In BMVC (Vol. 2, p. 4). 
[37] Tian, Q., Wang, L., Wei, Y., Pang, X., Wang, Q., & 
Fei, W. (2016, July). Research of Embedded Real-
Time Passenger Flow Detection Equipment. 
In International Conference on Green Intelligent 
Transportation System and Safety (pp. 961-972). 
Springer, Singapore.  
[38] BOYLE D.K. (1998), “Synthesis of Transit Practice 
29, Passenger Counting Technologies and 
Procedures”, Transit Cooperative Research Program, 
1998 
[39] Viola, P., & Jones, M. J. (2004). Robust real-time face 
detection. International journal of computer vision, 
57(2), 137-154.  
[40] Alvappillai, A., & Barrina, P. N. Face Recognition 
using Machine Learning.  
[41] Han, B. G., Lim, K. T., Chung, Y. S., & Lee, S. I. 
(2013, July). Passenger management system based on 
face recognition for intelligent transport vehicles. In 
Ubiquitous and Future Networks (ICUFN), 2013 Fifth 
International Conference on (pp. 117-118). IEEE. 
[42] Parmar, D. N., & Mehta, B. B. (2014). Face 
recognition methods & applications. arXiv preprint 
arXiv:1403.0485. 
 
 
Khawar Islam is undergraduate student. 
 
Uzma Afzal is an Assistant Professor. 
 
